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Plant extracts have been used as agent reduction capping to synthesise various nanoparticles 
due to the process is a low cost, large
oxide nanoparticles were synthesized using ramie, lemon and dragon fruit extracts. The 
characterization results show that all synthesized iron oxide nanoparticles had almost
diameters, shape and crystalline phases although different of plants extracts were used. 
Among the plants, ramie has cheapest market price in which the cost production of iron oxide 
nanoparticles can be reduced significantly.
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1. INTRODUCTION 
Nanotechnology is a modern science which involves the use of the nanoscale materials [1]. 
Nanotechnology also refer as engineering at molecular level and it is a multi-disciplinary area 
of applied science and engineering that deals with the manufacture and design of nanoscale 
components and systems such as computer chips and biosensor [2-3]. Nanoparticles are small 
in size; thus, it has a larger surface to volume ratio [4]. This characteristic increases the 
demand of nanoparticles due to their wide application in the field of biomedical, 
pharmaceutical, electronic, engineering, material science, agricultures and other area [1-4]. 
For example, iron oxide nanoparticles can be used to remove the arsenic found in water and 
medical resonance imaging [5]. 
Iron oxide exist in seven crystalline phase: hematite (α-Fe2O3), maghemite (γ-Fe2O3), 
magnetite (Fe3O4), wustite (Fe1-xO), β-Fe2O3 phase, ε-Fe2O3 phase and the low temperature 
rhombohedrical structure of magnetite [6]. The hematite, maghemite and magnetite are the 
common iron oxide that can be produced in the lab. Several physical and chemical methods 
such as co-precipitation, thermal decomposition, microemulsion, hydrothermal method, 
sonochemical synthesis have been used to synthesize nanoparticle.But due to the use of costly 
chemical and production of hazardous by-products, the green method is introduced [7].   
Green methods can refer to either the use of microorganisms or the plant extracts. Green 
method is a cheap, safe and environmental friendly alternative way to synthesise iron oxide 
nanoparticles. The use of plant extracts has more advantageous in the synthesizing of 
nanoparticles as compared to the involvement of microorganisms due to the need of 
maintaining the cell cultures activities and facing difficulty to scale up production rate under 
non-aseptic environment [8]. 
There many types of plants have been reported as agent reduction and capping for green 
synthesis of nanoparticles. To the best of our knowledge, this is considered the first report on 
the use of ramie, lemon and dragon fruit as agent reduction. Ramie has been used as 
ingredient in the making cake. In addition, ramie has been applied in medical treatment for 
diseases such as diuretic and hepatitis B [9]. On the other hand, both lemon and dragon fruit 
are fruit contain high antioxidant properties and widely consumed by peoples. Lemon is rich 
in ascorbic acid to fight against the cold or flu [10] whereas dragon fruit is used for collagen 
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synthesis stimulation, reutilizing and trans-epidermal water loss regulation [11]. 
In this study, green method is proposed to synthesize iron oxide nanoparticles. The findings 
from this study could give insight perspective the possibilities toward a scalable and lost cost 
approach of synthesis of other types of nanoparticles.  
 
2. MATERIALS AND METHODS 
2.1. Materials 
Iron (II) chloride tetrahydrate (FeCl2.4H2O) and iron (III) chloride hexahydrate (FeCl3.6H2O) 
were purchased from Aldrich Chemicals and used without further purification. Deionized 
water was used throughout the experiment. 
2.2.Preparation of Plant Extracts 
Lemon and dragon fruit were purchased from Kuala Lumpur market, whereas ramie was 
freshly pluck from the garden of housing area. All plants were rinsed with deionized water to 
remove the dirt. Lemon and dragon fruit was then cut into smaller pieces with a sterilized 
scalpel in order to ease the blending process. Then, all plants were blended separately to 
obtain the plant extracts. The plant extracts were then filtered using pore nylon mesh. The 
filtrates were then centrifuged at 4000 rpm at 25oC. The supernatant (plant extracts) were 
collected in a 500 ml schott bottle separately and stored. 
2.3.Preparation of Ferric Chloride Solution 
4.97 g of iron (II) chloride tetrahydrate (FeCl2.4H2O) and 13.52 g of iron (III) chloride 
hexahydrate (FeCl3.6H2O) were dissolved in 250 ml of sterilize deionized water in beaker and 
mixed thoroughly using magnetic stirrer on hot plate. 
2.4.Synthesis of Iron Oxide Nanoparticles 
250 ml of ferric chloride solution was mixed with 250 ml of plant extracts in a 500 ml beaker. 
The mixture solution was heated at 50oC under mild stirring by using magnetic stirrer for 2 
hours and then left for cool down until room temperature. After cooling, the mixture was 
undergoing centrifugation process in order to obtain the black precipitate. The mixture 
solutions were centrifuged at 4000 rpm at 10oC for 10 minutes. The black precipitate were 
then washed several times by adding deionized water and re-centrifuged to obtain final black 
samples for further drying at 80oC inside an oven for overnight. A dried powder of iron oxide 
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nanoparticles was ground with a mortar and pestle. Then, the powder of iron oxide 
nanoparticles was undergone calcination process in the furnace at 400oC for 8 hours. After 
calcined, the powder of iron oxide nanoparticles was further grinded by using pestle and 
mortar to get fine powders. The fine powders were then collected in plastic bag. 
2.5.Characterizations 
2.5.1. UV-Vis Spectroscopy Analysis 
The reduction of ferric chloride was monitored by measuring the absorbance. UV-Vis analysis 
was conducted using Lambda 35 UV-Vis spectroscopy. The spectra between 200 and 1100nm 
were scanned to find the absorbance peak.  
2.5.2. X-ray Diffraction Analysis 
X-ray diffraction (XRD) patterns were recorded with Bruker D2 X-ray diffractometer using 
Cukα radiation (λ= 0.15406nm).  
2.5.3. Scanning Electron Microscopy Analysis 
JSM-6460LA Scanning electron microscope (SEM) with the magnification power of 10000x 
was used to examine the morphology of nanoparticles.  
2.5.4. Fourier Transform Infrared Spectroscopy Analysis 
Fourier transform infrared spectroscopy (FTIR) analysis was employed to determine the 
possible functional group present in the plant extracts, which responsible for the reduction of 
iron ions in ferric chloride solution and also acted as the capping stabilization agents. Perkin 
Elmer FTIR Spectroscopy 100 was used to carry out the analysis in the range of wavelength 
of 650-4000cm-1. 
 
3. RESULTS AND DISCUSSION  
Three different types of plant extracts have been used for the synthesis of iron oxide 
nanoparticles Table 1. When the mixture of iron chloride solution (iron (II) chloride 
tetrahydrate and iron (III) chloridehexahydrate) was added to the plant extracts, the colour 
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Table 1.Chosen plant for the production of iron oxide nanoparticles 
No. Binomial Name Common Name Family Name Part Taken 
1 Boehmerianivea Ramie Urticaceae Leaf 
2 Citrus limonum Lemon Rutaceae Fruit 
3 Hylocereuscoastaricensis Dragon fruit Cactaceae Fruit 
Table 2.Colour changes during the green synthesis of iron oxide nanoparticles solution 
No. Plant Extracts ColourChange 
  Before After 
1 Ramie Dark 
green 
Black 
2 Lemon Pale 
yellow 
Pale black 
3 Dragon fruit Magenate Dark brown 
The optical properties of iron oxide nanoparticles were examined by using UV-Vis 
spectroscopy in the range of 200 to 1100 nm. Fig. 1 shows the absorption coefficient of iron 
oxide nanoparticles synthesized using ramie, lemon and dragon fruit extract. It can be 
observed that the absorption values decreased with increasing wavelength from 200-1100 nm. 
In a more precisely description, the absorption values decreased after the absorbance peak (as 
mark by arrows in Fig. 1. The presence of absorbance peaks at 233, 232 and 231 nm for ramie, 
lemon and dragon fruit were not clearly presented.But, a small and flat bump was observed in 
Fig. 1, which is in agreement with the finding stated by [12]. Small bump occurred as the 
concentration of reducing agent present in those plant extracts were very low and thus, a little 
and not obvious excitation of electron in transition states could happened. 
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Fig.1. Absorption coefficient of iron oxide nanoparticles produced using (a) ramie, (b) lemon 
and (c) dragon fruit extracts 
XRD is used to characterize the crystal structure of synthesized nanoparticles. Fig. 2 presents 
the XRD patterns of iron oxide nanoparticles synthesized using various plant extracts (ramie, 
lemon and dragon fruit). The 2θ values of 24.5o, 33.5o, 36.0o, 41.2o, 49.8o, 54.4o, 62.7o and 
64.3owere corresponded to (012), (104), (110), (113), (024), (116), (214) and (300) 
respectively (Fig. 2a). Fig. 2(b) shows the diffraction peaks of iron oxide nanoparticle 
synthesized using lemon extract with 2θ values of 24.3o, 33.3o, 35.8o, 41.0o, 49.6o, 54.2o, 62.5o 
and 64.1o could be well indexed to (012), (104), (110), (113), (024), (116), (214) and (300) 
respectively. Fig. 2(c) displays the diffraction peaks of iron oxide nanoparticle synthesized 
using dragon fruit extract with 2θ values of 24.4o, 28.6o,33.4o, 35.9o, 41.0o, 49.7o, 54.3o, 62.6o 
and 64.2o were denoted to (012), (220), (104), (110), (113), (024), (116), (214) and (300) 
respectively. The calcination at 400oC induced the formation of crystalline structure of iron 
oxide nanoparticles with appearance of several peaks at 24.2o(012), 32.2o(104), 35.7o(110), 
40.9o(113), 49.5o(024), 54.1o(116), 62.5o(214) and 64.0o(300) (JCPDF No: 089-2810). 
Therefore, iron oxide nanoparticles are well matched with the β-Fe2O3 phase in 
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rhombohedralgeometry [13-14]. An additional peak was observed for the XRD pattern of iron 
oxide nanoparticles synthesized using dragon fruit at 2θ values of 28.6o, which is 
corresponding to (220). This is might be due to the presence of impurities [15]. In contrast, 
the XRD patterns of iron oxide nanoparticles synthesized using ramie and lemon show no 
extra diffraction peaks of other phases was detected thus, it indicates the high purity of iron 
oxide nanoparticles were produced [16]. 
Besides, the average crystallite size of iron oxide nanoparticles can be calculated by using 
Debye-Scherrer equation (d= kλ/ β cosθ where k is the Scherrer constant (0.9), λ is the 
wavelength of X-ray (0.15406nm), β is the full width at half maximum and θ is the Bragg 
angle) [17]. Theaverage crystal size of iron oxide nanoparticles synthesized using ramie, 
lemon and dragon fruit extracts are 51.30 nm, 51.24nm and 51.26nm. It can be said that all 
iron oxide nanoparticles synthesized disregard to the type of plant extracts used have the same 
sizes fall within the range of 40nm to 70nm, which also in agreement with the iron oxide 
nanoparticles crystallites sizes as stated by [18]. 
 
Fig.2. XRD patterns of iron oxide nanoparticles synthesized using (a) ramie, (b) lemon and (c) 
dragon fruit extracts 
The morphology of the synthesized iron oxide particles was investigated by using Scanning 
Electron Microscopy (SEM). All SEM images are shown in Fig. 3 where irregular spherical 
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structures were seen. About thirty particles were randomly selected from each image for 
diameter measurement of the iron oxide particles. Fig. 4 shows the histogram of the size 
distribution of iron oxide nanoparticles.  
Fig. 3(a) and Fig. 4(a) show the SEM image and histogram of size distribution of the iron 
oxide nanoparticles produced using ramie extracts respectively. The results show that the 
diameter of synthesized particles had distribution within the range of 100 to 350 nm. The 
mean diameter of the iron oxide particles synthesized using ramie extracts was about 215.5 
nm with a standard deviation of 66.7 nm. The corresponded SEM images show that the 
particles were observed to have agglomeration form and thus, the bigger diameters of 
particles were obtained. 
Fig. 3(b) and Fig. 4(b) show the morphology image and size distribution of the iron oxide 
particles produced usinglemon extracts in which the particles had diameters distributed within 
the range of 120 to 480 nm. The mean diameter of the iron oxide particles was approximately 
204.8 nm with a standard deviation of 122.7 nm. Large particles with diameter more than 480 
nm were seen in the SEM image as shown in Fig. 3(b). 
In addition, the iron oxide particles produced using dragon fruit extracts were inspected using 
SEM (Fig. 3(c)) and their diameters distribution was presented by histogram (Fig. 4(c)). The 
iron oxide particles demonstrated the diameter in the range 120 to 510 nm. The mean 
diameter and standard deviation were calculated to be approximately 202.0 and 75.2 nm 
respectively. 
For comparison, the iron oxide particles synthesized using ramie, lemon and dragon fruit 
extracts demonstrated quite similar diameters (more than 200 nm). The particles produced 
using ramie show the biggest size of 215.5 nm as compared to others. The agglomeration 
from small nanoparticles to form big particles was observed in this preparation of crystalline 
iron oxide particles. The mechanism of agglomeration can be explained using Ostwald 
ripening [19]. Ostwald ripening is a thermodynamic process which favors the agglomeration 
of small particles to form large particles. It is because small particles have higher surface 
energy than large particles which cause them unstable at single small particles. By combining 
with surrounding particles, the small particles could achieve lower surface energy and the 
process is continued until the lowest surface energy is obtained [13]. 
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Fig.3. SEM micrographs of iron oxide nanoparticles synthesized using (a) ramie, (b) lemon 
and (c) dragon fruit extracts 
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Fig.4. Histogram of size distribution of iron oxide nanoparticles synthesized using (a) ramie, 
(b) lemon and (c) dragon fruit extracts 
Fourier transform infrared spectroscopy (FTIR) analysis is used to identify possible 
biomolecules from the plant extracts which are responsible for reducing roles Fig. 5.  
Fig. 5(a) shows the FTIR spectrum of ramie extracts. The possible functional groups 
presented by each peak were analyzed and summarized in Table 3. Two absorption peaks at 
3368.55 cm-1 was attributed to the typical stretching vibration of O-H stretching in both 
phenol and alcohol groups whereas C-C=C stretching was identified at 1641.93cm-1. 
Additionally, three weak absorption peaks including C-C=C asymmetric bend stretching at 
1498.70cm-1, C-C stretching at 1406.40cm-1 and C-N stretching vibration at 1290.20cm-1 
were observed. The presence of O-H and C-C=C were believed played as reducing agent for 








Table 3. FTIR analysis of ramie extracts 
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No. Peak Value (cm-1) Functional Groups Types of Vibration 
1 3368.55 Phenols and Alcohol Hydrogen bonded 
O-H stretch 
2 1641.93 Alkenes C-C=C 
symmetric stretch 
3 1498.70 Aromatic Rings C-C=C 
asymmetric band 
4 1406.40 Aromatic Rings C-C stretch 
(in rings) 
5 1290.20 Aromatic Amines C-N stretch 
Fig. 5(b) shows the FTIR spectrum of lemon extracts. There are about six peaks in the 
infrared spectrum including two strong intensity peaks (3369.07 cm-1 and 1642.96 cm-1) and 
four medium intensity peaks (1504.60 cm-1, 1355.70 cm-1, 1227.70 cm-1 and 697.64 cm-1). 
The possible functional groups were summarized in Table 4. Strong and broad intensity peak 
of 3369.07 cm-1 indicates the presence of O-H stretching in carboxylic acid. In addition, the 
appearance of C=O stretching at peak 1642.96 cm-1 further confirms the presence of 
carboxylic acid in lemon extracts. Thus, thecarboxylic acid is the main functional group 
which acted as the reducing agent in lemon extracts [20]. 
Table 4. FTIR analysis of lemon extracts 
No. Peak Value (cm-1) Functional Groups Types of Vibration 
1 3369.07 Carboxylic acids Hydrogen bonded 
O-H stretch 
2 1642.96 Carboxylic acid C=O stretch 
3 1504.60 Nitro Groups N=O stretch 
4 1355.70 Nitro Groups N=O bend 
5 1227.70 Aliphatic Amines C-N stretch 
6 697.64 Alkynes -C≡C-H stretch 
Fig. 5(c) shows the FTIR spectrum of dragon fruit extracts. Seven peaks are seen in the 
infrared spectrum which consist of two high intensity peaks (3369.51 cm-1 and 1643.03 cm-1), 
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three medium intensity peaks (1498.70 cm-1, 1352.80 cm-1 and 1290.20 cm-1) and two low 
intensity peaks (1129.40 cm-1 and 1046.00 cm-1). The possible functional groups were shown 
in Table 5. Strong and broad peak at 3369.51 cm-1 shows the presence of the O-H stretching 
either from alcohols or phenols group. The aromatic ring of phenol compound was found 
stretching at 1498.70 cm-1, which indicated their presence in the dragon fruit extracts. 
Moreover, several peaks appeared at 3369.51 cm-1, 1129.41 cm-1, 1046.00 cm-1 and 1290.20 
cm-1 were assigned to the O-H, C-O and C-N groups respectively which could be the main 
constituents in the pectin structure. Thus, it is speculated that pectin is the reducing agent 
from dragon fruit extracts. This is in agreement with the work demonstrated by [21] where 
pectin was identified as the agent reduction as well. 
Table 5. FTIR analysis of dragon fruit extracts 
No. Peak Value (cm-1) Functional Groups Types of Vibration 
1 3369.51 Phenols and Alcohols Hydrogen bonded 
O-H stretch 
2 1643.03 Alkenes C-C=C 
symmetric stretch 
3 1498.70 Aromatic Rings C-C=C 
asymmetric stretch 
4 1352.80 Nitro Compounds N-O 
symmetric stretch 
5 1290.20 Aromatic Amides C-N stretch 
6 1129.40 Ethers C-O stretch 
7 1046.00 Carboxylic Acids C-O stretch 
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Fig.5.FTIR spectra of (a) ramie, (b) lemon and (c) dragon fruit extracts 
 
4. CONCLUSION  
In the present work, we proposed a simple and eco-friendly method to synthesize iron oxide 
nanoparticles using various plant extracts including ramie, lemon and dragon fruit. The plant 
extracts were mixed with ferric chloride solution (mixture of iron (II) chloridetetrahydrate and 
iron (III) chloride hexahydrate) at 50oC under mild stirring condition. A black colour solution 
was observed in the reaction which is an indication of formation of iron oxide nanoparticles. 
In the XRD results, it is concludes that the iron oxide nanoparticles with crystallite size of 51 
nm were identified as β-Fe2O3 and it well matched with JCPDF No: 089-2810. The irregular 
spherical structure of iron oxide particles was observed and the sized of particles measured 
within the range of 100 to 510 nm. It is due to the agglomeration of particles was observed 
clearly in SEM images. The phenolic compounds, carboxylic acids, alkanoids and flavonoids 
from the plant extracts were recognized as the reducing agent for ferric chloride solution. In 
overall, this approach is very simple to be conducted and it is cheap and notoxic waste is 
produced which is environmental friendly. 
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